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Figure 1. Overlap between Oct4 Interactomes
A comparison of the Oct4 interactomes identified in the van den Berg et al. and
Pardo et al. papers. Note that the intersection includes 20 proteins. This degree
of shared proteins will require further clarification.
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Previewsis noguarantee that theexten-
sive protein-protein interac-
tion networks described exist
in entirety in individual cells.
Extending network analyses
to individual cells is currently
not possible; however, one
could envisage monitoring
limited protein-protein inter-
actions in single ESCs by
using fluorescence reso-
nance energy transfer or
related techniques. In addi-
tion, these network ensem-
bles must by their very nature
be dynamic, but presently
we are limited to providing
network ‘‘snapshots.’’ Meth-
odologies need to be devel-
oped to measure network
dynamics in real time and as
a function of transitions in
cell fate. One recent paperdescribes the beginnings of such anal-
yses after shRNA-mediated down-
regulation of Nanog (Lu et al., 2009). This
paper also highlights the necessity of inte-
grating dynamic data sets obtained at
multiple molecular and biochemical
levels. For example, to gain a complete
picture of how pluripotency is regulated,
it will be important to analyze changes
in epigenetic modification, active tran-292 Cell Stem Cell 6, April 2, 2010 ª2010 Elsscription, mRNA levels, protein levels,
etc., all in the context of evolving changes
in cell fate. At this point, van den Berg
et al. and Pardo et al. provide much
‘‘food for thought’’ and a valuable frame-
work for future efforts to understand
how cell fate regulatory information
‘‘flows’’ and is processed to bring about
an observable change in cellular pheno-
type.evier Inc.REFERENCES
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Similarities between basal cell carcinoma (BCC) tumor cells and hair follicle keratinocytes had previously
suggested that BCC originates within the hair follicle bulge stem cell niche. However, in the current Nature
Cell Biology, Youssef et al. (2010) show that BCC instead originates in the interfollicular epidermis.Tumors have been commonly classified
based on their similarity to the normal
tissues from which they are derived, both
at the level of architectural features andprotein expression.Within normal somatic
tissues, there is significant heterogeneity
among cell subpopulations with regard
to their proliferative capacity, differentia-tion, and susceptibility to malignant trans-
formation. Given the dynamic changes
that occur during tumorigenesis, deter-
mining the specific cell of origin for any
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Previewsgiven tumor is therefore not entirely
straightforward. Identification of the indi-
vidual cell subpopulations within different
tissues that give rise to particular tumors
is an important matter in cancer biology,
because understanding mechanisms
through which certain cell subpopulations
resist malignant transformation while
adjacent subpopulations within the same
tissue are vulnerable may lead to identifi-
cation of newdrug targets and therapeutic
strategies for cancer. In the current issue
of Nature Cell Biology, Youssef et al.
(2010) characterize subsets of mouse
epidermal keratinocytes present in differ-
ent compartments of the skin that differ
in their ability to give rise to basal cell
carcinoma (BCC) driven by activation of
the Hedgehog signaling pathway.
BCC is the most commonmalignancy in
the United States, with nearly one million
cases annually. These locally invasive
skin tumors occur most commonly in sun-
exposed skin and are driven by ultraviolet
(UV) signatureC/T transitions atdipyrimi-
dine sites in genes encodingproteins in the
Sonic hedgehog (Shh) pathway. The most
common mutations result in inactivation
of Patched (the membrane receptor for
Shh, which in the absence of Shh ligand
negatively regulates signaling through
Smoothened). Directly activating muta-
tions also occur in other downstream
pathway elements including the Smooth-
ened (Smo) and Gli transcription factors.
UV signature mutations are also frequently
present in the tumor suppressor p53,
although p53 inactivation does not appear
to be necessary for formation of BCC in
either mouse or human models (Fan et al.,
1997; Grachtchouk et al., 2000; Oro et al.,
1997; Xie et al., 1998).
It is clear that the cell of origin in spon-
taneous human tumors as well as in
murine model systems is the skin kerati-
nocyte. However, within the skin there
are multiple subpopulations of kerati-
nocytes with divergent roles in tissue
homeostasis. These groups include kera-
tinocytes that reside within the epidermis
between adjacent hair follicles (interfollic-
ular epidermis, or IFE) as well as keratino-
cytes localized to different regions within
the hair follicle (HF) itself. Which of these
keratinocyte populations serve as the
origin of the BCC tumors has not been
clearly established, but it has long been
theorized that they derive from the bulge
region of the HF. There are several rea-sons for this. First, the Hedgehog path-
way is essential for HF development
and also for maintenance of the normal
hair cycle, in which HFs cycle between
periods of active growth (anagen), regres-
sion (catagen), and quiescence (telogen)
(Chiang et al., 1999; Wang et al., 2000).
Progression from telogen to anagen re-
quires Hedgehog-mediated expansion of
stem cells from within the specialized
niche region called the bulge. These bulge
stem cells have significant regenerative
potential: they cycle for an entire lifetime,
and it is this proliferative capacity that
was thought to contribute to their poten-
tial role in developing skin cancer
(Cotsarelis et al., 1990). Second, the
Hedgehog pathway is the oncogenic
driver for spontaneous human BCC.
Finally, BCC tumors express keratins 15,
17, and 19, which are expressed prefer-
entially in the outer root sheath of the
HF. For all of these reasons, it has long
been thought that the cell of origin for
BCC resides within the HF, with the bulge
as the likeliest location harboring the
cancer-competent subpopulation.
Youssef et al. (2010) used inducible cre
recombinase to activate the Hedgehog
pathway via expression of a constitutively
active mutant human Smo (SmoM2). This
approach allowed the authors to activate
Hedgehog signaling in all keratinocyte
subpopulations within postnatal mouse
epidermis. In the absence of cre recombi-
nase, no SmoM2 was expressed and no
BCCs developed spontaneously. Upon
expression of SmoM2 throughout kerati-
nocytes in both the IFE and HF using
keratin 14-driven cre, BCCs developed
within 8 weeks, consistent with other
mouse BCC models in which active
Hedgehog pathway proteins were ex-
pressed from keratin 5 and keratin 14
promoters. Subsequent studies utilized a
limiting amount of cre recombinase activity
to activate SmoM2 in only a small per-
centage of K14-positive cells. This allowed
a detailed histologic analysis of individual
clones, which revealed that 93% of BCCs
arose within the IFE, with the remaining
7% derived from the upper part of the HF
(infundibulum). Additionally, the fate of IFE
cells expressing SmoM2 was followed
over timeandcompared tocontrol IFEcells
expressing YFP. BCC tumors only seemed
to arise in long-term progenitor cells and
did not induce renewing potential in K14
cells committed to differentiation. Surpris-Cell Stem Cingly, no tumors were seen to arise from
the stem cell-rich bulge region.
Youssef et al. then used keratin 15 and
keratin 19 promoter constructs to selec-
tively express SmoM2 only in the bulge
region and found that no BCC tumors
were observed, further supporting that
progenitors located in the IFE, and not
HF bulge stem cells, indeed give rise to
most mouse BCC. This was not the result
of an inability of SmoM2 to activate
the Hedgehog pathway in bulge cells,
because well-known Shh target genes
were induced. SmoM2 was also ex-
pressed in the lower portion of the HF
(matrix) by use of an Shh promoter-driven
Cre. Although the SmoM2 protein was
observed in the matrix progenitor cells,
no BCC tumors were seen. Thus, these
experiments suggest that, rather than
contributing to BCC initiation, bulge stem
cells instead are resistant to transforma-
tion by SmoM2 oncogene expression.
Given that BCCs are UV-induced
tumors and that UV damage decreases
with distance from the skin surface, it
is not necessarily surprising that most
BCCs are derived from the IFE. The fact
that BCCs can occasionally occur on hair-
less areas of skin such as the palms of
humans and footpads of mice is consis-
tent with the studies here indicating that
cells from the HF are not required
for BCC formation as was previously
thought. This study does suggest that
long-lived progenitor cells resident within
the IFE are the cell of origin for most basal
cell carcinomas, and that the intrinsic
renewal capacity of these stem cells
may contribute to their susceptibility to
malignant transformation.
Although this elegant study clearly
indicates that there are differences in
keratinocyte susceptibility to malignant
transformation by Shh activation, the
mechanisms mediating the relative resis-
tance of the bulge stem cell keratinocytes,
which also possess high proliferative
renewal capacity, remain to be explored.
Are the bulge cells resistant because of
factors intrinsic to the resident cells, or
do differences in the environment,
including the supporting basement mem-
brane and extracellular matrix of the HF,
offer protection from theoncogenic insult?
Isolating SmoM2-expressing bulge cells
and using them to regenerate IFE may be
an experimental approach to address
this question. It would also be valuable toell 6, April 2, 2010 ª2010 Elsevier Inc. 293
Cell Stem Cell
Previewslearn whether the same susceptibilities
observed here are recapitulated in older
mice, given that most human BCC occurs
in older adults. Finally, it may be useful to
learn whether the bulge stem cells are
resistant to malignant transformation by
other oncogenes or whether this observa-
tion is unique to the Shh pathway.
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MicroRNAs play roles in developmental switching; however, their roles in human neural progenitor cells
(hNPCs) is poorly understood. In this issue of Cell Stem Cell, Delaloy et al. (2010) report that proliferation
and migration choices in hNPCs are regulated by miR-9.During brain development, human neural
stem/progenitor cells (hNPCs) generate
different classes of neurons. In the neuro-
genic phase, radial glial cells, a subset of
NPCs derived from neuroepithelial cells,
undergo extensive proliferation in the
ventricular zone to generate cortical pro-
jection neurons. These projection neurons
migrate radially into designated layers
in the cortical plate precisely orchestrated
in temporal and spatial sequences.
Simultaneously, interneurons arise in the
medial ganglionic eminence (MGE) and
migrate tangentially toward the neo-
cortex. After the neurogenic phase, brain
development shifts to a gliogenic phase
during which astrocytes and oligodendro-
cytes with limited neuronal potential are
preferentially generated. In the adult
brain, neurogenesis is restricted within
niches, in which proliferation, migration,
and neuronal differentiation are under
tight control.
Directed differentiation of pluripotent
stem cells (PSCs) offers a defined experi-
mental system in which temporal andspatial progression of NPCs during
nervous system development can be
modeled (Elkabetz et al., 2008; Okada
et al., 2008; Zhang et al., 2001). In this
issue of Cell Stem Cell, Delaloy et al.
report that microRNA-9 (miR-9) plays
an instructive role in human embryonic
stem cells (hESCs) derived NPCs at
the checkpoint at which hNPCs choose
between proliferation and migration
(Delaloy et al., 2010). The authors showed
that miR-9 knockdown led to suppressed
proliferation concomitant with increased
migration and identified stathmin, amicro-
tubule-associated protein expressed in
migrating neuroblasts in adult mouse
brain, as the main target of miR-9 regu-
lating these processes.
miRs are noncoding small RNAs that
typically bind to complementary se-
quences in the 30 UT of target mRNAs
resulting in silencing. One miR can bind
to multiple targets (100–200) and can act
as a molecular switch for developmental
genes at the posttranscriptional level
(Landgraf et al., 2007). miR-9 is expressedin the nervous system of flies, zebrafish,
and mammals, but its expression pattern
varies across species. Thus, although
miR-9 is 100% conserved in nucleotide
sequences across the species, it appears
to have diverse roles in regulating neu-
ronal development (Leucht et al., 2008;
Li et al., 2006; Zhao et al., 2009).
To study the role of miR-9 during
neuronal development in vitro, Delaloy
et al. took advantage of a sequential
neural induction protocol. Upon
neural induction, hESCs generate neural
rosettes that consist of radially arranged
columnar epithelial cells, reminiscent of
the neural tube. After mechanical dis-
sociation and suspension culture,
rosette cells grow as neurospheres and
undergo additional morphological
changes to become radial glial cell types
with neurogenic potential. These neuro-
sphere cells, similar to NPCs, downregu-
late pluripotency genes, upregulate early
NPC genes such as nestin and SOX2,
and do not express lineage markers of
mature neurons. Terminal differentiation
